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EXECUTIVE SUMMARY

On February 8, 2000, the White House released a report titled, “The Future Management and
Use of the U.S. Space Launch Bases and Ranges.” The report recommended “the Air Force and
NASA should develop a plan to examine, explore, and proceed with next-generation range
technology development and demonstration, with a focused charter to improve safety, increase
flexibility and capacity, and lower costs for reusable and expendable launch vehicles.” In
response to this recommendation, NASA and the United States Air Force (USAF) established the
Advanced Range Technologies Working Group (ARTWG).

PURPOSE

The purpose of the ARTWG is to cooperatively develop a national vision through a broad
coalition of space transportation industry experts and stakeholders. The ARTWG provides a
forum and framework to formulate a strategy and identify enabling technologies needed to
achieve that vision. Membership includes NASA Centers/Programs, private industry, current
and future spaceport and range customers, operators and developers (including existing and
emerging launch services providers), commercial and emerging spaceports, academia, states, the
Federal Aviation Administration (FAA), Department of Defense (DoD), and Department of
Commerce (DOC). The ARTWG was chartered to:
e Identify space launch and test range technology needs for a broad spectrum of ranges.

e Develop a roadmap (plan) that contains project options for the development and
demonstration of range technologies that will meet the needs of the existing and future
ranges established by Federal policy or by other U.S. entities.

e Develop plan approaches and options for reaching the next-generation advanced ranges
of the future.

The ARTWG focus includes:

e Orbital and suborbital ranges tracking expendable and reusable launch vehicles.
¢ Government and nongovernment, existing and future ranges.

The ARTWG has subdivided the “Range” into seven technical focus areas, which include:

e Tracking and Surveillance

e Telemetry

e Communication Architecture

e Range Command and Control Systems (RCCS)

e Decision Making Support

¢ Planning, Scheduling, and Coordination of Assets

e Weather Measurement and Forecasting
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The Advanced Spaceport Technologies Working Group (ASTWG) addresses spaceport (ground
launch site) technologies and also pulls the Cross-Cutting Architecture Roadmaps that were
consistent in many technology focus areas. The ARTWG is coordinating its activities with the
ASTWG so that two key areas of the Macro Space Transportation System, Range and Spaceport,
are addressed (see Figure 1).

Spaceport and range technologies will help enable the transition toward more of the total time,
cost, and schedule associated with space transportation being dedicated to flight instead of
ground processing.

Macro Space Transportation System

Macro Space
Transportation
System

Mission &
Flight Control
Focused
Technology
Development
Spaceport and Range
Technologies

Current State Desired State

FLIGHT
Time

Spaceport and
OUND Range Technologies N\gpyp
Time, Cost, Schedule help enable this
transition

Figure 1. Spaceport and Range Elements of the Macro Space Transportation System

SCOPE

Future next-generation range functions will be driven by the needs of various range stakeholders,
including spaceport operators; launch vehicle and payload designers, developers, and operators;
range administrators; and oversight and regulatory arms of the Federal government. Each
stakeholder group has its own set of needs today and for the future. Some of these needs
overlap, including the desire for reliable, responsive, and cost-effective range operations. Others
are more unique to individual stakeholder groups. For example, DoD is more interested than
some of the other stakeholders in the ability to responsively launch and operate spacecraft in
orbit, requiring responsive range support as well. Figure 2 summarizes the results of the
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ARTWG’s assessment of the various range stakeholders’ current and future needs for range
capabilities.

A variety of range stakeholders in several categories has some common and unique needs
today and for the future.

Common Needs:

Affordable Access to Space

safety, security, resource protection (including physical security, force protection, and
information assurance), lower costs, greater flexibility, increased capacity and concurrent operations,
shortened flight plan approval, effective data handling and information systems.

Stakeholder Group

Stakeholders

Today's Needs

Future Needs

Spaceports

(Customer)

* Federal Spaceports

+ State Spaceports

* Commercial Spaceporis
« Developing Spaceports

* Flexible, robust, and efficient systems that

can support high-flight rates

+ Shared-use infrastructure that supports

concurrent operations

+ Cost-effective systems
+ Opportunities to create viable new

spaceports

+ Effective master planning

+ Cost-effective

« Ability to access a variety of orbits
+ Effective master planning

+ Multimode transportation

« Effective data handling and

information systems

Launch Vehicle
Designers, Developers,
Providers, and
Operators

(Customer)

+ Government
« Military
« Civil
« Other

* Commercial

+ Responsive and robust range
+ Engineering data during development
* Reliable and flexible launch dates

Effective data handling and information
systems

Effective regulatory coordination

Efficient, cost-effective, responsive, and
robust range

+ Evolving regulatory process in space

with vehicle developments

* Less impact to vehicle systems
* Vehicles with short turnaround time
+ Simplified/standardized system interfaces

+ Government

+ Responsive and robust range

+ Responsive and robust range

+ Military * Reliable and flexible launch dates + Large surge launch rate capability

Payload Providers « Civil + Rapid access to space (DoD) + International range compatibility
and Developers + Other + Highly reliable vehicles + Short notice launch and landing
(Customers) + Commercial * Increased standardization between vehicle world wide o

+ Nonprofit (e.g., academia) and operations + Improved coordination

+ Military « Consi pli pro + Reduced asset costs
Range + Civil + Increased automation 5 :::ci::.lgrr\?;iiﬁ:n\:iet?i;ﬁ :(TC,
Administrators * Other * Low turnaround time between launches

(Owners and
operators)

* Highly reliable vehicles

.

.

.

Interoperability between ranges
Align range to support routine
operations or test and evaluation
Global coverage

Federal and State
Governments

(Funding and oversight)

* U.S. Government
» State Governments
* Local Governments

+ Economic competitiveness
* Environmental stewardship
+ Standardized and simplified Government

policies

+ Workable, effective regulations

+ Routine space transportation
+ Appropriate regulatory processes

that meet public safety and
commerce needs

+ International agreement on Range

operations

Figure 2. U.S. Range Stakeholders’ High-Level Needs

Two primary types of missions are likely to require support from space launch and test ranges in
the future. They are:

e Space Launch and Recovery Operations — Including, for example, expendable launch
vehicle (ELV), Space Shuttle, and reusable launch vehicle (RLV) launch and recovery
operations, including suborbital RLVs and entrepreneurial systems, for a wide variety of
national security, civil, and commercial missions, and launches and recovery operations
involving the Orbital Space Plane (OSP) and Next-Generation Launch Technology
(NGLT) being developed under NASA’s Space Launch Initiative (SLI), part of its
Integrated Space Transportation Plan (ISTP). In the far term, it is envisioned that
suborbital RLVs (SRLV) will emerge and also “drive” the space-launch industry market.
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e Test and Evaluation (T&E) Mission — Including, for example, aeronautical flight testing

of civil and military aircraft and flight systems, various types of guided missiles, and
unmanned aerial vehicles (UAVs) with a variety of possible applications; intercontinental
ballistic missile (ICBM) and submarine-launched ballistic missile (SLBM) T&E
missions; orbital and suborbital flight demonstrations for DARPA's operationally
responsive FALCON Program, Ballistic Missile Defense Systems (BMDS) T&E, and
flight testing of hypersonic missiles, propulsion systems, and vehicles as part of the
National Aerospace Initiative (NAI) - a cooperative effort across DoD and NASA.
Although this mission is not the primary focus of the ARTWG, the technologies being
identified are synergistic with the advancements needed in this community (see Figure 3).

Near-Term
(FY 2004 - 2009)

Mid-Term
(FY 2010 - 2015)

Far-Term
(FY 2016 - 2028)

Figure 3. Examples of Future Space Launch Vehicles Requiring Range Support

While space launch and T&E missions are challenging for the space launch ranges to support,
the most “stressing” technical challenges will be for future SRLVs, and the currently planned
T&E activities associated with the planned flight testing of ballistic missile defense systems
involve multiple high-speed targets and interceptors being launched from multiple locations,

including ships and aircraft, at widely dispersed geographic locations.

APPROACH

Recognizing the ARTWG as an interagency program formulation effort that involved a diverse
set of stakeholders, ARTWG followed a three-pronged approach to developing the ARTWG
Technology Plan (see Figure 4). The three efforts focused on:

1. Build and follow a Strategic Program

2. Build the ARTWG Technology Plan

3. Build the ARTWG Community

Technology Roadmaps To Enable Future Launch and Test Ranges
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ARTWG undertook an interagency program formulation effort with a diverse set of
stakeholders by following a three-pronged approach to developing Technology Roadmaps.

ARTWG Is Following a Three - Pronged Approach

/ Build \
¥ and Follow a
f Strategic Program Y
Formulation Plan
Implement Plan

Build the ARTWG
Technology Plan
Vision, Stakeholder Needs. Goals,
Objectives, Strategies. Measures,
and Roadmaps

Build the ARTWG Community

Shared Understanding, Buy-in, Commitment,
and Follow-Through

Figure 4. ARTWG’s Three-Pronged Approach

To accomplish the scope of the ARTWG charter, ARTWG developed an integrated approach to
ensure all interested stakeholders would be able to participate. To build a broad level of
involvement, the ARTWG undertook the following actions:

e Implemented a shared leadership structure across agencies and organizations.
e Invited participation within the working groups.
e (Conducted open meetings, conferences, and workshops.

The ARTWG roadmaps and recommendations will be reviewed by senior Government
representatives, including:
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e Senior Steering Group - Representatives from NASA, FAA, Office of Secretary of
Defense (OSD), and USAF to provide guidance to the Executive Steering Committee and
the ARTWG Leadership Team. Members will be appointed by NASA and the USAF.

e Executive Steering Committee - Senior Representatives from Federal organizations, such
as NASA, USAF, FAA, OSD, and others as appointed to provide senior agency guidance
and recommendations.

It is envisioned that the products of the ARTWG will become the national roadmaps for the
development of future next-generation space launch and test ranges. All ARTWG efforts were
focused on first defining the vision for future range capabilities, then establishing goals and
objectives for each function and subfunction within each of the seven technical focus areas.
Next, each subgroup outlined a series of technical challenges and approaches to address each
challenge. The roadmaps that resulted from the process of defining goals (G), objectives (O),
technical challenges (TCH) and approaches (A) are referred to as GOTCHA charts.

VISION FOR IDEAL FUTURE SPACE LAUNCH AND TEST RANGES

Over the past 25 years, a variety of studies have assessed the advantages of various alternative
range architectures and approaches. Most recently, the Extended Range Concept Definition
Study - sponsored by the California Space Authority and conducted between September 2001
and September 2002 by Booz Allen Hamilton under contract with DoD's Information Assurance
Technology Analysis Center - built on this body of range-related studies. It described and
evaluated various options and recommended a next-generation space launch and test range based
on evaluation criteria established through interaction with range stakeholders. The ARTWG
adopted the elements of this study in the course of defining its vision for the future.

A primarily space-centric range supplemented by mobile assets would improve the adaptability
and flexibility of future ranges in terms of their ability to accommodate higher- or lower-than-
projected workload, provide expanded geographic coverage to a global scale, and provide the
ability to increase capacity by using mobile assets for supplemental coverage where and when
needed (Figure 5). By leveraging synergistic technologies and approaches and by sharing use of
systems, such a future range could be less expensive to operate and maintain.
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A primarily space-centric range supplemented by mobile range assets would improve
adaptability, flexibility, and geographic coverage while providing capacity as needed.

SPACE-BASED
ASSETS

Aircraft, UAVs,
Ships or Airships

Operations Control
Center

INTEGRATED,
INTEROPERABLE

Launch Head
Tracking, Telemetry

NETWORKED SYSTEMS A\ Debris
MOBILE DEPLOYABLE Co{kiand
ASSETS and Control

Figure 5. Vision for Future Global Launch and Test Range Architecture

Such a future range would use a global positioning system (GPS) for tracking data and
communication satellites for relaying telemetry and commands between flight vehicles and range
assets, as well as for communications between and among range control centers and range assets.
The vision would be to maintain a robust, two-way data link with flight vehicles for both
telemetry and commanding. Such a future range would also incorporate modernized ground-
based or mobile range assets to provide up-range tracking of debris and telemetry and
commanding capabilities required to meet safety standards without the time delay associated
with using satellites. Broadband relay satellites would be used as the primary telemetry and
commanding capability for down-range operations requiring hemisphere- or global-scale range
coverage, where the time delay can be accommodated without adversely impacting the safety of
range-supported operations. Mobile range assets would be used to provide additional flexibility
to supplement range coverage and capabilities in cases when specific missions require particular
range support functions that could not be met by satellites alone.
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Developing such a future range architecture with both space-based and mobile range assets
would improve adaptability, flexibility, and geographic coverage of range capabilities along with
expanded capacity as needed to meet projected missions while enabling incremental
development and technology demonstrations at relatively low cost and risk.

ADVANTAGES OF THE FUTURE RANGE VISION
The ARTWG’s vision of the ideal range for the far-term future (i.e., 25 years hence) would

provide substantial advantages over today’s ground-based, fixed-location range architectures in
terms of the following desirable characteristics:

a. Reliable, available, operable, and maintainable

o

. Adaptable to fit the mission

o

. Flexibility/capacity
d. Integrated with other systems

. Economical

¢

=

Integrated range system

g. Customer friendly

CAPABILITY AND TECHNOLOGY ROADMAPS

The purpose of the ARTWG is to define a national technology strategy to enable development of
future space launch and test range capabilities relying primarily on space-based assets,
supplemented by mobile range assets (e.g., UAV, high-altitude airship [HAA]) as needed, to
meet future mission needs. Each ARTWG subgroup developed both a capability roadmap to
establish performance goals and objectives over time and a technology roadmap. Figure 6
summarizes the top-level goals for range system capabilities over time.
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ARTWG developed a top-level summary of the performance goals over time for future ranges.

Range System Capability Roadmap
Near-Term (FY 2004 - 2009) ~ Mid-Term (FY 2010-2015) |  Far-Term (FY 2016 - 2028)

J § » 80-90% Space-Based Augmented
= Demo and Use of Space-Based Assets = Operatior e 0 with Mobile Assets
« Demo of Mobile Assets i + Ground Assets Minimized and

{ \ir ¢ only at Local Departure Point
= Autonomous Seamless
Integration of Space, Air, and
Ground Assets

« Self Healing
« Situational Awareness

« Improved Modeling ' ] oI ed N « “Realistic” Virtual Modeling

» Semiautomate Processes, Systems
Systems, and Functions tems, & » Autonomous On-Board Systems

¥ e * National/Global Ranges Network
« Improved Interoperability Throughout stems Throu + 24/7 Coverage
a Single Spaceport/Range Spacey and ) » Fully Scalable per User

: > | Requirements
» Global Standardized Processes
and Systems

i — » Modernized Sensors
+ Modernized Sensors « Improved Flexibility and Scalability

+ Improved Flexibility and Scalability Xibili bility = Frequency Optimization
+ Frequency Optimization » Improve QoS at Higher Data Rates
+ Improve QoS at Higher Data Rates : . S at Rates + Centralized or Regional Weather

Hubs, Scheduling, and Control

Figure 6. Range Vision: System Capability Goals Over Time

For the near-term, the primary focus is on demonstrating the utility and beginning some
operational use of existing space-based (e.g., GPS, Tracking and Data Relay Satellite System
[TDRSS], etc.) and mobile (i.e., UAV and HAA) assets as range instrumentation platforms. For
the mid-term, the focus shifts to more integrated operational use of space-based and mobile-
range assets. For the far-term, the goal is to have 80 to 90 percent of range systems on space-
based platforms that can be seamlessly augmented when and where needed, with mobile or
deployable assets, and modernized ground assets at departure and recovery locations.

Another major development theme is to continue improving modeling, simulations, and database
systems to enable semiautomation of processes, systems, and functions through the near-term so
they can evolve to semiautonomous capabilities in the mid-term. The far-term goal is to use
realistic virtual modeling with intelligent systems and optimized use of autonomous systems for
various functions, including onboard flight vehicle systems (if desired) and schedule
deconfliction.

A third major development theme is to improve standardization, interoperability, and integration
of systems throughout a single spaceport and range that is retrofitted into the National Airspace
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System (NAS) for the near-term, across multiple spaceports and ranges and integrated into the
NAS for the mid-term, and fully integrated across a global range network for the far-term.

Finally, several technical areas of range performance were identified for continuous
improvement, including modernizing sensors, optimizing the use of frequency spectrum, and
improving quality of voice/video/data communication services at higher data rates.

The ARTWG subgroups used this top-level description of the overall capability and performance
goals when describing how the seven technical focus area capabilities should evolve over time.

SUBGROUP CAPABILITY AND TECHNOLOGY ROADMAPS

These products were developed as a result of intensive effort by each subgroup. Each subgroup
consisted of subject matter experts from across the country, working together on an ad hoc and
voluntary basis, under the direction of the subgroup co-chairs and the ARTWG leadership. They
are the product of facilitated brainstorming over the course of several months, review by
technical experts, and a facilitated miniretreat for each subgroup to capture the results of these
brainstorming activities in a consistent format. The ARTWG leadership team addressed the
areas of overlap among the technology areas identified by the subgroups and identified cross-
cutting capabilities and technical approaches.

The ARTWG team recognizes that these products can and should be further refined to address
inadvertent omissions and developments in current and new technologies being pursued in
various Government, commercial, academic, and international environments. It is therefore the
intent of the ARTWG to continue pursuing an orderly process over time to evolve and refine
these products and produce future updates of the capability and technology roadmaps presented
in this section. See Figures 7 through 22.
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RANGE COMMAND AND CONTROL SYSTEMS
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PLANNING, SCHEDULING, AND COORDINATION OF ASSETS (PSCA)
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WEATHER MEASUREMENT AND FORECASTING
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CONCLUSION AND RECOMMENDATIONS

Under the shared leadership of the USAF and NASA, the ARTWG has carried out the
recommendation from the February 2000 interagency report on The Future Management and
Use of the U.S. Space Launch Bases and Ranges to “develop a plan to examine, explore, and
proceed with next-generation range technology development and demonstration.” The capability
and technology roadmaps presented in this report outline the technologies and demonstrations
that should be pursued to enable the development of next-generation range capabilities that
would “improve safety, increase flexibility and capacity, and lower costs for reusable and
expendable launch vehicles” while also enabling support for emerging and projected test and
evaluation missions.

The next step along the path toward developing more capable and efficient next-generation space
launch and test ranges should focus on how to “proceed with next-generation range technology
development and demonstration,” as recommended by the interagency report.

e This should begin with a coordinated interagency effort to pursue the resources and
authority necessary to orchestrate and conduct the technology development and
demonstration activities outlined in the roadmaps.

e A coordinated interagency program involving multiple Government agencies should be
created to direct and coordinate the development and implementation of a coherent
overall strategy and plan for the nation’s development of a primarily space-centric range
capability supplemented by mobile range assets.

The most pressing range support issues that must be addressed and resolved in the near-term
include:

e Access to and efficient use of frequency spectrum to support range functions and users.

e Target/miss distance measurement to support increasingly complex and diverse ballistic
missile defense testing scenarios involving new geographic areas and multiple flight
vehicles.

e Data relay issues associated with the use of satellites, particularly in geosynchronous
Earth orbit (GEO), for range and user telemetry, communications, and command and
control.

e Operationally responsive range to support rapid range launch and reconfiguration for the
Operationally Responsive Spacelift (ORS) Program.

Both within and outside the range community, many opportunities for synergy exist among a
variety of ongoing programs and research, development, and demonstration activities. These
activities should be leveraged and pursued to enable the spiral development of new range
capabilities that will be useful in incrementally improving the capability and efficiency of the
nation’s ranges. The ultimate goal of these efforts should remain focused on achieving the vision
for a next-generation space launch and test range capability.
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The following specific opportunities for synergy should be pursued as part of the overall strategy
to pursue the technologies and demonstrations included on the ARTWG technology roadmaps:

NASA, commercial, and DoD UAV technology and development efforts should be
leveraged to assist the range community in affordably developing and demonstrating the
use of mobile range assets to provide additional capabilities, capacity, geographic
coverage, adaptability, and flexibility in providing range support when and where needed.

Missile Defense Agency, Army, Navy, Coast Guard, and FAA interest in high-altitude
airships for area surveillance should be leveraged and pursued as an area for synergistic
development and demonstration, ultimately leading to low-cost, multiple-use mobile
platforms for range instrumentation and assets.

The range community should pursue synergistic opportunities to demonstrate new space-
based and mobile range technologies and capabilities to provide support during flight test
missions involving ballistic missile defense test scenarios and flight test activities being
pursued under the joint DoD-NASA National Aerospace Initiative.

The Defense Information Systems Agency’s (DISA) Joint Interoperability Test
Command (JITC) efforts to address efficient, interoperable data links and its expertise in
interoperability certification could be leveraged by the range community in its efforts to
apply technologies, approaches, and techniques to range Command, Control,
Communications, Computers, and Intelligence (C41) systems and capabilities.

The Joint Advanced Missile Instrumentation (JAMI) program (developing flight and
ground systems to track missiles and targets without relying on ground-based radar by
utilizing GPS and guidance system data with existing telemetry links and infrastructure)
should be viewed by the range community as a significant opportunity for synergistic
development of on-board flight vehicle instrumentation to more efficiently interface with
range systems, including demonstrations of new technologies and systems.

DoD’s Multi-Service Target Control System (MSTCS) Project (a modular, interoperable
GPS-based system with high- and low-rate data links) should be leveraged to develop
systems capable of providing precise tracking data for space launch and flight test
vehicles as well as target control for vehicles involved in missile defense testing.

The UAV Battlelab at Eglin Air Force Base (AFB) is pursuing significant developments
in digital video data compression technology that should be explored and leveraged by
the range community as a means of making more efficient use of frequency spectrum on
space launch and flight test ranges.

The Naval Research Laboratory (NRL) has efforts to develop wide bandgap
semiconductor materials, and technologies should be leveraged by the range community
to include prototype hardware to demonstrate use of higher frequencies for telemetry,
communications, and command and control in conjunction with other range technology
demonstration activities.
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The range community should engage with the Transformational Communication Office
(TCO) to ensure its plans and programs include future range systems and requirements.
This program is intended to remove bandwidth constraints through a new network of
high-capacity satellites for use in combination with the Global Information Grid.

FAA's continued NAS modernization efforts have many similar capability needs and
technology development areas such as CNS, weather, and decision support tools.
Through related technology needs, the possibility of sharing common assets (radar,
communications networks, etc.) and operational dependencies, a common air and space
transportation system is expected to evolve.
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